In this research, we synthesize of a graft copolymer based on alginate via simultaneously graft copolymerization acrylamide (AAm) and 2-acrylamido-2-methylpropanesulfonic acid (AMPS) onto alginate backbones. The polymerization reaction was carried out in an aqueous medium and in the presence of ammonium persulfate (APS) as an initiator. Infrared spectroscopy and TGA thermal analysis were carried out to confirm the chemical structure of the copolymer. A proposed mechanism for hydrogel formation was suggested.
INTRODUCTION
The modification of natural polymers is a promising method for the preparation of new materials (1) . An efficient approach to modify of natural polymers, in order to synthesis of naturalbased SAPs, is graft polymerization of vinylic monomers onto their backbones in the presence of crosslinkers. Free radical graft copolymerization with various monomers can carried out with different initiator systems [1] [2] [3] .
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The literature survey, however, reveals that few of the modifications deal with chemical grafting of a pre-modified polysaccaride such as alginate. APS-initiated grafting of vinyl monomers such as methyl acrylate, ethyl acrylate and ethyl methacrylate 4 , AN/methyl methacrylate mixture, acrylamide (AAm) 5 , and 4-vinylpyridine 6 onto alginate has been reported. However, to the best of our knowledge, no report has been published on the optimization graft polymerization of Acrylamide (AAm) and 2-Acrylamido-2-methyl propan sulfonic acid (AMPS) togather onto alginate chains using APS-alginate initiating system. In the present report, to modify the alginate, the grafting of Acrylamide (AAm) and 2-Acrylamido-2-methyl propan solfonic acid (AMPS) onto alginate chains in the presence of ammonium persulfate (APS) as an initiator was performed in a homogeneous system.
ExpERIMENTAL

Materials
Sodium alginate (chemical grade, MW 50000), ammonium persulfate (APS, from Fluka), acrylamide(AAm, from Merck), 2-acrylamido-2-methylpropanesulfonic acid (AMPS, from Merck), were used without further purification. All other chemicals were also analytical grade. Double distilled water was used for the hydrogel preparation and swelling measurements.
procedure to Graft Copolymerization
Synthesis of the copolymer, alginteg-poly(AAm-co-AMPS), was carried out using APS as an initiator in an aqueous medium. A general procedure for graft copolymerization of two monomers together onto alginte was conducted as follows. alginate (0.20-0.80 g) was added to a threeneck reactor equipped with a mechanical stirrer (Heidolph RZR 2021, three blade propeller type, 300 rpm), including 40 mL doubly distilled water. The reactor was immersed in a thermostated water bath preset at desired temperature (45-85 o C .
RESULTS AND DISCUSSION
Mechanism of hydrogel formation
A general reaction mechanism for graft copolymerization of AAm and AMPS monomers onto alginate backbones in the presence of APS initiator is shown in Scheme 1. The sulfate anionradical produced from thermally decomposition of APS, abstracts hydrogen from one of the functional groups in side chains (i.e. COOH, SH, OH, and NH 2 ) of the substrate to form corresponding radical [6] [7] [8] [9] . Then the resulted macroradicals radically initiate graft copolymerization of AAm and AMPS monomers led to a graft copolymer so called alginate-g-poly(AAmco-AMPS).
Scheme 1: proposed mechanistic pathway for synthesis of Alginate-based copolymer
Grafting Evidences
The simplest method to prove the formation of alginate-g-poly(acrylamide-co-AMPS) is based on the solubility difference of the graft copolymer and the homopolymers, PAAm and PAMPS. alginate and homopolymers are soluble in water and DMF, respectively. When a reaction product was Soxhletextracted with DMF and alternately with water for 24h, an insoluble solid was still remained 10 . A alginate /PAAm-PAMPS physical mixture was dissolved completely when it was treated in the same was. Therefore, it is obvious that the graft copolymer obtained was not a simple physical mixture, but some chemical bonds must exist between the alginate substrate and PAAm-PAMPS macromolecules 11 .
The PAAm-PAMPS grafting was also confirmed by the differences between FTIR spectra of the alginate and that of the graft copolymer. Figure 1 shows the FTIR spectra of the alginate substrate and the alginate-g-PAAm-AMPS graft copolymer freed from homopolymers. In Fig. 1a , the band observed at 1655 cm -1 can be attributed to C=O stretching in carboxamide functional groups of substrate backbone (Fig. 1a) . The broad band at 3200-3600 cm -1 is due to stretching of -OH groups of the alginate. The existence of a rather sharp intense peak at 1280 cm -1 (Sulfonic groups) and 1673 cm -1 (carboxamide groups) in IR spectra of the graft copolymers is a certain evidence of grafting. This absorption band arises from stretching vibration mode of the sulfonic and carboxamide groups related to acrylamide and 2-Acrylamido-2-methyl propan Sulfonic acid monomers respectively [12] [13] [14] [15] [16] . Most of the other peaks are related to the protein backbone. Since PAAm-AMPS could be extracted nearly completely from a physical mixture of PAAm, PAMPS and alginate by DMF, the presence of appreciable amounts of sulfonic and carboxamide groups in our reaction products after extraction is an additional proof for grafting of PAAm and PAMPS onto the alginate. 
Thermogravimetric behavior
The grafting was also suppor ted by thermogravimetric analysis (Fig. 2) . TGA of alginate (Fig. 2a) structure of the graft copolymer. The appearance of these stages indicates the structure of alginate chains has been changed, which might be due to the grafting of poly(AAm-co-AMPS) chains. In general, the copolymer had lower weight loss than alginate. This means that the grafting of alginate increases the thermal stability of alginate in some extent 17 .
Optimization of polymerization
Since polymerization variables determine the extent of grafting and homopolymer amount, certain factors affecting the grafting parameters were investigated to achieve the optimum condition of polymerization. Therefore, we optimized the grafting of two monomers togather onto alginate in homogenous aqueous media by changing temperature, the initial concentration of initiator, and the relative amount of the substrate. Within the range of the amount of the reactants used, our preliminary The conversion as well as the grafting parameters, i.e. homopolymer content (Hp), grafting ratio (Gr) and the grafting add-on values was calculated using the following equations [8] the initial substrate, the monomer charged, the homopolymer extracted, the homopolymer-free graft copolymer, respectively.
Effect of Initiator Concentration
The grafting dependence on APS concentration can be concluded Figure 3 . The highest grafting ratio (97%) was achieved at 0.008 mol/L of APS where homopolymer content was 24.0 %. Increased APS concentration resulted in more radical sites on the alginate backbone that inturn led to higher Gr and add-on values and lower homopolymers formation. As a result, increased free radicals on alginate are compensated by partial termination of the macroradicals 11 . Thus Gr and addon values were diminished at higher amounts of the initiator.
Effect of Reaction Temperature
To study the influence of the reaction bath temperature on the grafting parameters, the grafting of two monomers togather onto alginate was carried out at seven temperatures ranging from C can be attributed to the following factors: 1) increased the number of free radicals formed on the alginate backbone, 2) increased propagation of the graft copolymerization onto alginate, 3) enhanced diffusion of monomers and initiator into and onto backbone structure, and 4) increased in mobility of the monomers molecules and their higher collision probability with the backbone macroradicals. However, Gr was decreased as the bath temperature was raised beyond 75 o C. this can 1) be accounted for in terms of chain radical termination at higher temperatures. 2) Premature termination of growing chains and instability of the APS-alginate 10 , are presumably another reasons for reduced amount of grafting beyond 75 o C. 3) oxidative degradation of alginate chains by sulfate radical-anions, 4) decomposition of APS to give O 2 (a radical scavenger [8] ), which reacts with primary free radicals (Eqs. 1 and 2), resulting in decreased molecular weight and decreased grafting (the sulfate radical anions may react with water to produce hydroxyl radicals (Eq. 1) and finally oxygen (Eq. 2)).
The rates graft copolymerization (R g ) may be evaluated as measures of the rate of monomers disappearance by using the following equations [13] : Overall activation energy of grafting (E a ) may also be estimated from the temperature data through plotting lnR g versus 1/T ( ) for the initial portion of the data of the temperature series given in above text. The slope of this Arrhenius plot ( Figure   3 ) resulted in a rough estimation of E a of grafting using the relationship slope = -E a /R; where R is the universal gas constant. Therefore, Ea for the graft copolymerization was found to be 33.40 kJ/mole 10 .
Effect of alginate Concentration
The related to the grafting dependence on alginate amount is summarized in Figure 5 . Maximum grafting(211%) and the lowest homopolymers formation was observed at 3wt% alginate, while others reactants including, monomers, initiator, and temperature were kept constant. Beyond this value, both grafting ratio and add-on values are considerably reduced. This behavior is attributed to the availability of more grafting sites for initiation of graft copolymerization at higher concentration of the substrate (until 3wt% alginate). However, upon further increase in the substrate concentration, increase in the reaction medium viscosity restricts the movements of macroradicals leading to decreased grafting ratio and add-on values. It also may be attributed to deactivation of the macroradical growing chains (e.g., by transfer reactions, combination and/ or interaction with the primary radicals) soon after their formation [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
CONCLUSIONS
A novel superabsorbent was prepared by graft copolymerization of 2-acrylamido-2-methylpropanesulfonic acid onto alginate in the presence of a crosslinking agent. The resultant superabsorbent composite had a large degree of water absorbency. The study of FTIR spectra shows that in the hydrogel spectrum a new absorption band at 11280 and 1364 cm -1 was appeared that attributed to S-O stretching in AMPS monomer grafted onto polysaccharide backbones. The effect of the individual factors was investigated by calculating the grafting parameters, i.e., grafting percent (Gr), add-on value and homopolymer content (Hp). Under optimum conditions (alginate 3wt%, APS 0.008 mol/L, reaction temperature 75 o C), the grafting parameters were achieved as 211%, 74 %, and 15% respectively. According to the slope of LnRg versus 1/T, the overall activation energy for graft copolymerization reaction was estimated to be 33.40 kJ/mole.
